Cellular Energetics! 
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Energy Currency - ATP 


Adenosine diphosphate Inorganic phosphate 
(ADP) (Р) 


Adenosine triphosphate 
(ATP) 


Biologically-useful Energy 
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Heat Energy 
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Anaerobic metabolism =]. * 
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first there was no oxygen 
*2 ATP 


Glucose + 2ADP + 2P, — 2 lactate + 2ATP 


Glycolysis 


This part is needed for NAD* Balance 


Substrate 
Anaerobic metabolism — МИ з m 


Glucose l-phosphate == Glvcose 6-phosphate 


Glvcosephosphate. 
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Table62 ATP yield from different fermentation routes. 
21,2 Bephosphoglycenc acid 


mol ATP per 
Substrate Endpoints mol substrate 


Glucose Lactate, octopine, 
alanopine or strombine 

Glucose Succinate 

Glucose Propionate 

Aspartate or glutamate Succinate 

Aspartate or glutamate Propionate 

Branched-chain fatty acids Volatile fatty acids 


Then there was Oxygen: 
origins of an oxygen atmosphere? 


Soft-bodied 
metazoans 


Oldest sedimentary rocks 


Geological period 


Carboniferous 
Cretaceous 


Date {mya} 


Aerobic metabolism — 
this came when there was oxygen! 
NAD |- 53 


Acetyl-CoA (C,) 


Step 1: TCA cycle ETT 
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Succinyl-CoA (C,) a-Ketoglutarate (Cs) 


Electron transport - and the missing ATP 
A symbiotic relationship! 


Photosynthetic 


Mitochondrion 


Electron transport - and the missing ATP 
A symbiotic relationship! 
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Overall (=) aerobic ATP energetics 


Reaction sequence 


Phosphorylation of glucose 

Phosphorylation of fructose 6-phosphate 

Dephosphorylation of 2 molecules of 1,3-bisphosphoglycerate 

Dephosphorylation of 2 molecules of phosphoenolpyruvate 

(2 NADH are formed in the oxidation of 2 molecules of glyceraldehyde 3-phosphate) 


{2 NADH are formed) 


2 molecules of G | P are formed from 2 molecules of succinyl-CoA 42 


{6 NADH are formed in the oxidation of 2 molecules each of isocitrate, 
a-ketoglutarate, and malate) 
{2 FADH, are formed in the oxidation of 2 molecules of succinate) 


2 NADH formed in glycolysis; each yields 2 ATP 

2 NADH formed in the oxidative decarboxylation of pyruvate; each yields 3 ATP 
2FADH, formed in the Krebs cycle; each yields 2 ATP 

6 NADH formed іп the Krebs cycle; each yields 3 ATP 


Net yield per glucose 


imal Energetics 


Temperature 
control system 


Heat produced 
measured by heat 
absorbed by water 


Measurement 


Respiratory exchange 


Soda H,S0, 


H,0 vapor CO, trap 


What is Metabolic Rate? 


Heat production rate (kJ/hr — kilojoules per time) 
4.2 kJ = 1 kilocalorie = | Calorie = 1000 calories 
The "ultimate gold standard measurement" 


Table 6.4 Energy content, respiratory quotient (RO), and metabolic water 
production of foods. 


Heat production 


Nutrient consumed consumed 


Carbohydrates 17.4 203 
Lipids 393 196 
Proteins 17.8 18.6 


Another Metabolic Rate 


The common “gold-plated standard” 
— oxygen consumption 


Table 6.5 Resting and peak metabolic rates (MR) and factorial acrobic scopes. 


А Resting/standard Active/peak MR Factorial 
ml О, һг 1 Species MRiml 0, gh” (ml 0, g^ h^) aerobic scope 


(a bso | ute) Invertebrates 
Barnacle 58 
Periwinkle 04 
or Fruit fly 30 


ml O, gt hrt Butterfly 100 
E Fish, reptiles 

(mass-specific) Sunfish 029 
Salmon 0.60 
Monitor lizard 0.38 
Desert iguana 0.89 
Turtle 0.64 
Birds, mammals 
Budgerigar 
Hummingbird 
Mouse 
Dog 
Human 
Elephant 
Whale 


Temperature Effects 


Temperature has a universal and large 
effect on metabolic rate 


010 effect: increase in rate for every 10 °C 
increase in temperature 


Q10 ~ 2.5 for metabolic rate 
in biological systems 


Ectotherms — Q10~ 2.5 


Oxygen consumption (ml g7! 1!) 


Ambient temperature (^C) 
Fig.6.17 Relationship between ambient temperature and metabolic rate 


(as oxygen consumption} for four ectotherms; the Q,, is commonly 2—3, 


{Data from Haugaard & Irving 1943; Aleksiuk 1971; Jusiak & Poczopko 1972; 
Santos et al. 1989.) 


Endotherms — 
T, effect but “no” Q10 effect (constant T,!) 
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Oxygen consumption (ml g"' h^!) 


Ambient temperature (^C) 


Fig. 6.18 The relationship between ambient temperature and metabolic rate 
(MR) (as oxygen consumption) for an endotherm that undergoes torpor. MR 
declines to a new level during torpidity, but increases sharply again if ambient 
temperature falls below a species-specific minimum (arrow). 


Metabolic allometry 
Linear axes - POWER CURVE! 


Elephants 
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Body mass {kg} 


Log-Log plot — straight line; slope = 0.75! 


Elephants 


Horses 
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Rabbits з Log metabolic rate = log а ө: mass 
Guinea pigs 


Basal metabolic rate (kJ day”) 


Canaries 
Sparrows 


Fig. 6.20 Log plot of metabolic rate against mass for 
birds and mammals, (Data from Kleiber 1932; 
Heusner 1982.) 


Body mass (kg) 


The magic slopes 


Table 6.6 Mass exponents for the relationship between mass and metabolic rate 


Mass ехропеп 


Animal group Temperature (“C) 


Ectotherms 

All combined 20 
Nematodes 
Annelids 
Molluscs 
Echinoderms 
Crustaceans 
Spiders 
Insects 
Reptiles 
Snakes 
Amphibians 
Fish 


Endotherms 

All birds 
Passerines 
Honey-eaters 
Ratites 

All mammals 
Marsupials 
Edentates 
Bats 
Rodents 
Shrews 


0.80-0.88 
0.72 
0.61-0.82 
075 
0.65-0.80 
081 
065 
062-067 
077-0.80 
0.81-0.98 
0.75-0.86 
0.70-0.88 


068-075 
072-073 
068 
073 


Log metabolic rate = log a О mass 


With-in species slope = 0.67? 
(the surface area allometry?) 
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Fig. 621 Log plot of sore 77) vs. mass for a single species, the guinea pig. 
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The very big picture - 3 metabolic grades 


Slope = 080 _ 


Metabolic rate (JR 


10” 10° 10% 
Body mass (kg) 


The very big picture - why? 


Multicellularity + 
Metabolic machinery 
+ Temperature 


Endotherms, 39°C 


Slope = 0.80 _ 


Unicellular Ectotherms, 20°C 
Organiome, AFG Multicellularity + 
Metabolic machinery 


Slope = 0,65 b. 


Body mass (kg) 


Metabolic rate (J hr!) 


The “Mouse to Elephant” Curve 


This is 
Mass-specific! 


Table 67 Mass-specific oxygen consumption in mammals. 


Species Mass (kg) 


Shrew 0.005 
Harvest mouse 0.009 
Kangaroo mouse 0015 
House mouse 0.025 
Ground squirrel 00% 
Rat 0290 
Cat 25 
Dog 13 
Sheep з 
Lion 50 
Human 70 
Eland 240 
Elephant 3850 
Blue whale 100,000 
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Fig.823 Semilogarithmic plot of specific oxygen consumption against body 
- (From Schmidt-Nicl 


Mass-Specific Metabolic Rate 


Metabolic rate per gram 


Does not remove mass scaling effect! — just smaller slope (-0.25) 


Use metabolic mass to remove mass Mass®75 
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Cellular metabolism scales similarly 


Mass-specific: slope~ -0.25 
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